ABSTRACT -Context -It has been demonstrated that the ageing process affects esophageal motility. Objectives -To evaluate the effect of the age on the proximal esophageal response to wet swallows. Method -We measured the proximal esophageal response to swallows of a 5 mL bolus of water in 69 healthy volunteers, 20 of them aged 18-30 years (group I), 27 aged 31-50 years (group II), and 22 aged 51-74 years (group III). We used the manometric method with continuous perfusion. The proximal esophageal contractions were recorded 5 cm from a pharyngeal recording site located 1 cm above the upper esophageal sphincter. The time between the onset of the pharyngeal and of the proximal esophageal recording (pharyngeal-esophageal time) and the amplitude, duration and area under the curve of the proximal esophageal contraction were measured. Results -The pharyngeal-esophageal time was shorter in group I subjects than in group II and III subjects (P<0.05). The duration of proximal esophageal contractions was longer in group I than in groups II and III (P<0.001). There was no differences between groups in the amplitude or area under the curve of contractions. There were no differences between groups II and III for any of the measurements. Conclusion -We conclude that the age may affects the response of the proximal esophagus to wet swallows.
INTRODUCTION
There are demonstrations that the ageing process cause loss of esophageal myenteric plexus neurons (8, 15, 17, 25) , with consequent possible changes in esophageal motility (1, 2, 9, 18, 21) . Most of the time the ageing process does not cause symptoms but may be associated with dysphagia (2) or gastroesophageal reflux disease (2, 10) . Changes in esophageal physiology with age were described many years ago (24) , when the concept of presbyesophagus was first reported. Although the concept of presbyesophagus was later ruled out by many, changes in the esophagus definitely occur with ageing (2) . The alterations caused by age are more frequently seen in the distal esophageal body. The proximal and distal parts of the esophageal body have different muscles and neural controls (14) , but they have contractions with similar manometric features (19) . Our aim in this investigation was to evaluate the influence of the age on the proximal esophageal response to swallows in healthy subjects. Our hypothesis was that, although without symptomatic impairment of swallowing, some changes may occur in the proximal esophageal response to swallowing with the age.
METHODS
We studied 69 healthy volunteers who did not have dysphagia, gastrointestinal disease or previous surgery on the upper gastrointestinal tract, and with normal lower esophageal sphincter relaxation and pressure and peristaltic contractions in the esophageal body, seen in the esophageal manometric examination. To evaluate the influence of the age on proximal esophageal contractions we divided the subjects into three groups: group I (20 subjects, 8 men, aged 18-30 years; mean: 24.9 ± 3.6 years), group II (27 subjects, 7 men, aged 31-50 years; mean: 40.6 ± 6.0 years), and group III (22 subjects, 10 men, aged 51-74 years; mean: 58.1 ± 5.5 years). We also divided group II into A (31-39 years, n = 12) and B (40-50 years, n = 15), and group III into C (51-59 years, n = 14) and D (60-74 years, n = 8).
The manometric examination was performed with a round eight-lumen silicone catheter with and outer diameter of 4.5 mm and an inner diameter of 0.8 mm for each lumen. The four proximal lateral openings of the catheter were spaced 5 cm apart at 90º angles. They were connected to external pressure transducers (pvb Medizintechnik G mb H, Kirchseeon, Germany), which in turn were connected to a PC Polygraph HR (Synectics Medical, Stockholm, During the manometric recording, a minimally compliant pneumohydraulic pump (JS Biomedicals, Ventura, CA, USA) perfused distilled water at 0.5 mL/min through each lumen. The individuals were studied in the supine position after 12 hours of fasting. The catheter was introduced through the nose. The response of the proximal esophagus to a 5 mL bolus of water at room temperature was analyzed with the proximal opening of the catheter located 1 cm above the upper esophageal sphincter (UES) and the other opening located at 5 cm from the proximal opening. Two swallows were performed with an interval of at least 30 seconds between them. The results for each subject were the mean of the two measurements.
Using the Polygram Upper GI software version 6.4 (Gastrosoft, Stockolm, Sweden) we measured the time between the onset of the pharyngeal contraction 1 cm above the UES and the onset of the esophageal contraction 5 cm from the pharyngeal contraction, and the amplitude, duration and area under the curve (AUC) of the esophageal contraction, as previously demonstrated (5, 6, 20) . The study was approved by the Human Research Committee of the University Hospital of Ribeirão Preto. Written informed consent was given by all volunteers. Data were analyzed statistically by analysis of variance (ANOVA) and the Tukey multiple comparison test. The results are reported as mean and standard deviation unless stated otherwise.
RESULTS
The pharyngeal-esophageal time (PET) was shorter in group I subjects than in groups II and III (P<0.05, Table 1 ). The duration of proximal esophageal contraction was longer in younger subjects (group I) compared with groups II and III (P<0.001, Table 1 ).
There was no difference between groups in the amplitude and AUC of contractions (P>0.05, Table 1 ). Table 2 shows the results of the statistical analysis of all measurements.
The results of groups I, IIA, IIB, IIIC and IIID are shown in Figures 1 and 2 . Although it is possible to see the differences in PET and duration between group I and group II, and III subjects, there was no significant differences between groups IIA, IIB, IIIC and IIID (Figure 1) . However, the results suggested the possibility that subjects of group IIID (older subjects) had a lower amplitude (P = 0.08) and AUC of contractions (P = 0.10) than the younger subjects (Figure 2 ). the ageing process are: reduced resting UES pressure, reduced lower esophageal sphincter (LES) relaxation, upward LES displacement into the chest, delayed esophageal emptying with tertiary contractions, decrease contraction velocity and duration, reduced myenteric ganglion cells, increased amplitude of distal contractions, and thickening of the smooth muscle layer (11) . Further changes of esophageal motility in elderly subjects are: frequent nonpropulsive contractions, reduction in the amplitude of contractions in subjects older than 80 years, and week esophageal body (2) . However, the esophageal transit seems to be normal and these esophageal motility changes have not been shown to correlate with esophageal symptoms (2) . The influence of age is also seen on the pharyngeal phase of swallowing. Ageing is associated with a significant decrease in the level of negative pressure resulting from the opening of the UES, and with incomplete relaxation of this sphincter (7) . Hypopharyngeal amplitude and duration of contractions are increased in the elderly (23) . Ageing prolongs the pharyngeal transit time and the pharyngeal clearance time and causes an increase in the amount of pharyngeal residues (4) . Healthy old persons have low resting UES pressure and delayed UES relaxation after swallowing than young subjects (12) . The duration of oropharyngeal transit is longer in older than in younger subjects, possibly as a consequence of a delay in the initiation of hypolaryngeal excursion (22) . In the esophageal body, edrophonium chloride does not increase pressures readily in older compared to younger subjects (13) , suggesting a weakening of the muscle itself in addition to the possibility of neurological dysfunction. A decrease in the number and density of striated muscles has been described in the proximal esophagus of elderly subjects (16) . In the proximal esophageal body, striated muscle fibres predominate cranially and are gradually replaced by smooth muscle cells caudally (14) . The control of contraction in the proximal esophagus is done by the enteric co-innervation, which exerts an inhibitory modulation of esophageal motility at the motor endplate level (14) . The manometric behavior of the striated proximal esophageal muscle is more similar to that of the distal esophageal smooth muscle and not similar to that of the striated pharyngeal muscle (19) . The explanation for the alteration in esophageal response to swallows may be the impairment of the sensitivity of the proximal esophagus (25) which may cause the delay in the esophageal response to swallowing, or may cause alteration of striated muscle contraction in the proximal esophagus (16) . Sensory deficits in the pharyngeal region may provide clues that a particular loss of intrinsic sensory neurons could be a factor in the dysfunctions of the presbyesophagus (25) . Enteric sensory neurons of the submucosal plexus are more susceptible to neurodegeneration with age (25) . The results suggested that the group of subjects over the age of 60 years may have a more important alteration of proximal esophageal contraction, but the number of individuals of this age was not sufficient to reach a clear conclusion. However, it is reasonable to think that older 
DISCUSSION
We found that the age may be associated with a delay in the esophageal response to wet swallows and that this response has a shorter duration. We also suggest that older subjects had a decrease in amplitude of contraction, although this result was inconclusive due to the small number of subjects included in group IIID.
Previous investigations have included people older than 70 years as "elderly subjects". However, we found some alterations in esophageal physiology in individuals not so old. The esophageal changes that have been described with v. 47 -no. 4 subjects may have alterations of amplitude and duration of proximal esophageal contractions.
In diseases that cause loss of the myenteric plexus neurons such as Chagas' disease and idiopathic achalasia, the results of the evaluation of proximal esophageal contractions are similar (6, 20) , suggesting that the results seen may be consequent to the impairment of the myenteric plexus.
The observed alterations of esophageal physiology are not clinically relevant. None of the subjects had problems with swallowing and all were able to eat all kinds of food. It is possible that with ageing the subject makes adaptations in swallowing, or changes the ingested food in order to perform a safe swallow. The described alterations may be important when a disease that impairs the swallowing process affects an older individual. Since they already have an alteration of swallowing, a further alteration caused by a disease has a greater chance to cause dysphagia. We should take into consideration that the swallowing of an older subject, even a healthy one, does not show the same behavior as in younger subjects (2) . We do not know what age is the time to see modifications in swallowing, but certainly it is not the same for all individuals.
Recent publications have focused on the proximal esophagus (3, 14) . During a gastroesophageal reflux episode the proximal extent of reflux along the esophagus appears to be one of the main determinants of symptoms perception (3) . Esophageal sensitivity is decreased in older subjects (2) , a situation that impairs their perception of gastroesophageal reflux (10) .
In conclusion, the age may affects the response of the proximal esophagus to wet swallows.
